The standardized ethanol extract (EE) of aerial parts of four Acacia species [A. salicina (ASEE), A. laeta (ALEE), A. hamulosa (AHEE), and A. tortilis (ATEE)] were examined in order to compare their cytotoxic and antimicrobial activities. All the extracts were standardized by UPLC-PDA method using rutin as standard compound. The extracts ALEE, AHEE and ATEE were found to contain rutin along with several other phytoconstituents while rutin was absent in ASEE. All the extracts showed varying level of antimicrobial activity with zone of inhibition ranged from 11 to 21 mm against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Candida albicans. The ALEE and ATEE showed relatively high antimicrobial potency (MIC = 0.2 to 1.6 mg mL
Introduction
Since many centuries the mankind has relied fully or partially on plants and plant extracts for healthcare. The traditional system of medicine based on plants continuously plays an important role in the health care system. At present more than 30% of the total plant families found in nature have been used at one time and other (Joy et al., 1998) . Genus Acacia (belongs to subfamily Mimosoideae of Fabaceae or Leguminosae family) is pod-bearing shrubs and trees with leaves containing large amounts of tannins and condensed tannins. (Nadkarni, 2005; Dymock et al., 2005) . Around 1300 species are reported in the genus Acacia, out of which 960 species are found in the Australia only and the remaining Acacia species are spread around the tropical to warm temperate regions including Arabia, Egypt, tropical Africa, Europe, America and southern Asia (Kritikar and Basu, 2003) been isolated and reported from different species of genus Acacia. The leaves and bark of Acacia plants contains highest amount of tannin as well as polyphenolic compounds such as (+) dicatechin, quercetin, gallic acid (Said, 1997; Asolkar et al., 2005) . Pods of the Acacia plant was reported to contain various polyphenolic compounds like gallic acid, (+) catechin, robidandiol and chlorogenic acid (Gulco, 2001) . The root and flowers contain several biologically important constituents like hentriacontane, sitosterol, betulin, b-amyrin, kaempferol-3 glucoside and isoquercetin (Chatterjee and Pakrashi, 2000) . The A. nilotica extract obtained from wood were found very impressive in preventing the disease caused by the overproduction of radicals and illustrated the high cytotoxic potential against MCF-7 cell line (a breast cancer cell line) (Barapatre et al., 2016) . Aqueous and methanol extracts of bark of A. karroo was found to inhibit virus HIV-type 1 reverse transcriptase significantly (Mulaudzi et al., 2011) while the A. salicina leaves extracts showed significant antioxidant activities (Boubaker et al., 2012) against superoxides radicals and also found to protect pKS plasmid DNA from hydroxyl radicals. The A. salicina leaves extracts also possessed significant anti-mutagenisity against Salmonella typhimurium TA98 and S. typhimurium TA 1535 strains (Chatti et al., 2011) . A phytoconstituent Isorhamnetin 3-Oneohesperidoside isolated from A. salicina leaves protected the cells against oxidative stress by inhibiting xanthine oxidase and superoxide anion scavengers (Bouhlel et al., 2010) . Aquoeus extract of A. tortilis at low doses showed potential anxiolytic activity and at high doses it exhibited antidepressant, sedative as well as anticonvulsant property which might be due to inhibitory mechanism of glycine and the action of constituents present in the extract on BZD or 5-HT(1A) receptor (Mohammad Alharbi and Azmat, 2015) . The aqueous extract of A. tortilis polysaccharide (AEATP) was very effective in reducing the blood glucose at high doses (Kumar and Singh, 2014) . The different fractions of A. etbaica, A. laeta, A. origena and A. pycnantha were found very active against Klebsiella oxytocain, Staphylococcus aureus and Klebsiella pneumoniae strains (Mahmoud et al., 2016) . Several antimicrobial and cytotoxic biomarkers such as rutin and b-amyrin have been quantitatively estimated in different species of genus Acacia by HPTLC method (Alam et al., 2015 (Alam et al., , 2017 . The diverse pharmacological property possessed by various Acacia species motivated us to compare the cytotoxic [against HepG2 (Liver), HEK-293 (Kidney) MCF-7 (Breast) and MDA-MB 231 (Breast)] and antimicrobial (against S. aureus, E. coli, P. aeruginosa and C. albicans) properties of standardized extracts of four Acacia species (Acacia salicina, Acacia laeta, Acacia hamulosa and Acacia tortilis) grown in kingdom of Saudi Arabia.
Materials and methods

Plant material
The aerial parts of four Acacia species viz. Acacia salicina (Voucher No. 15007), Acacia laeta (Voucher No. 15081), Acacia hamulosa (Voucher No. 16221), and Acacia tortilis (Voucher No. 14977), were collected from estern region of Saudi Arabia and identified by field Taxonomist of Pharmacognosy Department, Pharmacy College, King Saud University, Saudi Arabia. Plant specimens were deposited in the departmental herbarium.
Plant material extraction by Ultrasonic method
The aerial parts of A. salicina (AS), A. laeta (AL), A. hamulosa (AH), and A. tortilis (AT) were dried in air, powdered and passed through a 0.75 mm sieve. The extraction process took place in a Transsonic-460/H ultrasonic cleaner (ELMA, Germany) according to the Xia et al., 2011. The powdered materials of AS, AL, AH, and AT (50.0 g, each) were extracted by ultrasonication (frequency 20 kHz, power 100 W) using ethanol (95%) for 30 min. The obtained ethanol extracts (ASEE, ALEE, AHEE, and ATEE, respectively) were centrifuged at 5000 rpm for 20 min, filtered through Whatman filter paper No. 1. Therefore, the obtained extracts (ASEE, ALEE, AHEE, and ATEE, respectively) of the four Acacia species (AS, AL, AH, and AT) were concentrated and dried under reduced pressure using rotary evaporator (R-210, BUCHI). The estimated yields (w/w) of ASEE, ALEE, AHEE, and ATEE were 4.81, 5.77, 5.92, and 6.52%, respectively.
In vitro cytotoxicity assay
Human cancer cell lines: HepG2 (Liver), HEK-293 (Kidney), MCF-7 (Breast) and MDA-MB 231 (Breast) were grown in DMEM media supplemented with 10% bovine serum, 1X penicillin-streptomycin (Sigma-Aldrich) at 37°C in a humidified chamber with 5% CO 2 . 5-Flurourasil (sigma) was used as the reference drug (standard). Cells were seeded (1 Â 10 5 cells/well in triplicate) in a 96-well flat-bottom plate (Becton-Dickinson Lab ware) a day before treatment and grown. Stocks of ASEE, ALEE, AHEE, and ATEE (1.0 mg mL À1 ) were made with 5% DMSO (Sigma-Aldrich) and further working solutions (100 lg mL
À1
) were prepared in serum-free culture media. Cells were treated with four different doses (25, 50, 100 and 200 lg mL À1 ; in triplicate) of the extracts, in complete growth media, including reference drug, was further incubated for 48 h. On day 2 of treatment, cell proliferation and viability test was performed using TACS MTT Cell Proliferation and Viability Assay Kit (TACS) as per manufacturer's instructions. The relationship between surviving fraction and compound concentration was plotted to obtain the survival curve of cancer cell lines. The response parameter calculated was the IC 50 value, which corresponds to the concentration required for 50% inhibition of cell viability. IC 50 values were estimated using the best fit regression curve method in Excel.
In vitro antimicrobial assay
The agar well diffusion method (Perez et al. 1990 ) as adopted earlier (Ahmad and Beg, 2001 ) was used. 0.1 ml of diluted inoculum (10 5 CFU mL À1 ) of test organism was spread on MullerHinton agar plates. Wells of 8 mm diameter were punched into the agar medium and filled with 100 ml of plant extracts (ASEE, ALEE, AHEE, and ATEE) of 100 mg mL À1 concentration and solvent blank (DMSO) separately. The plates were incubated for overnight at 37°C. The antibacterial activity was evaluated by measuring the zone of inhibition against test organism. Antibiotics (Ampicillin and Doxycycline) were used as positive control against bacteria while nystatin was used as the control antifungal drugs. Each experiment was performed in triplicate.
Determination of minimal inhibitory concentrations (MICs)
The minimal inhibitory concentrations (MICs) of the plant extracts were determined using a rapid p-Iodonitrotetrazolium chloride (INT; Sigma-Aldrich, St Quentin Fallavier, France) colorimetric assay (Eloff, 1998) . Briefly, the test samples were first dissolved in dimethylsulfoxide (DMSO, Sigma-Aldrich)-Mueller Hinton Broth (MHB; Sigma-Aldrich). The solution obtained was then added to MHB and serially diluted two fold (in a 96-well microtilter plate). One hundred microliters of inoculums (1.5 Â 10 6 CFU mL À1 ) prepared in MHB were then added. The plates were covered with a sterile plate sealer and then agitated with a shaker to mix the contents of the wells and incubated at 37°C for 18 h. Wells containing MHB, 100 lL of inoculum, and DMSO at a final concentration of 2.5% served as the negative control. The MICs of each extract were detected after 18 h of incubation at 37°C following addition of 40 lL INT (0.2 mg mL À1 ) and incubation at 37°C for 30 min. Viable bacteria reduced this yellow dye to pink. The MIC of each sample was defined as its lowest concentration that prevented this change and then resulted in the complete inhibition of microbial growth.
Assay for biofilm inhibition
The effect of test agents on biofilm formation was measured using the microtitre plate assay (O'Toole and Kotler, 1998) . Briefly, 1% overnight cultures (0.4 OD at 600 nm) of test pathogens were added into 1 mL of fresh LB medium in the presence and the absence of sub-MICs of test agents. Bacteria were allowed to adhere and grow without agitation for 24 h at 30°C. After incubation, microtitre plate was emptied by removing the media along with free-floating planktonic cells and the wells were gently rinsed twice with sterile water. The surface-attached cells (biofilm) were stained with 200 mL of 0.1% crystal violet (CV) (Hi-media, Mumbai, India) solution. After 15 min, CV solution was discarded completely and wells were filled with 200 mL of 95% ethanol to solubilize CV from the stained cells. The biofilm biomass was then quantified by measuring the absorbance at OD 470 nm in a microplate reader (Thermo Scientific Multiskan Ex, India).
Standardization of extracts of all Acacia species by UPLC-PDA method using rutin as reference standard
Varying ratios of acetonitrile (Solvent-A) and water (Solvent-B) were used as mobile phase, column oven temperature, detection wavelength and mobile phase flow rate were investigated for better separation of the analyte. A gradient program was employed for the separations of reference compound rutin in one run within the reasonably short run time. The gradient was set up such that for the first 2 min the solvent-A was linearly increased from 0% to 10% followed by a steeper gradient, 10 to 35% of solvent-A in the next 3 min. Again the gradient was decreased from 35% to 20% in the next 2 min and finally, an additional 2 min of separation was extended with 100% solvent-B. The UV-detection wavelength of 332 nm was set as per the absorption maxima (k max ) for rutin.
Statistical analysis
''The statistical analysis was performed by one-way analysis of variance (ANOVA) followed by Dunnet's test for the estimation of total variation in a set of data". ''Results were communicated in terms of mean values with (±SD) where the probability (p < 0.01) of getting the result was considered as significant".
Results and discussion
Extraction of plant material by Ultrasonic method
The estimated yields (w/w) of ASEE, ALEE, AHEE, and ATEE were found as 4.81, 5.77, 5.92, and 6.52%, respectively.
Cytotoxicity activity of ethanol extract of Acacia species
The ethanol extract of A. salicina (ASEE), A. laeta (ALEE), A. hamulosa (AHEE), and A. tortilis (ATEE) were assayed for their in vitro anticancer activity against HepG2, HEK-293, MCF-7, and MDA-MB-231 cancer cells and were found to exhibit marked toxicity (Table 1 , respectively. The other species extracts were found to be ineffective against liver and kidney cancer cells. Among these species the extract of A. tortilis (ATEE) was found to contain maximum cytotoxic property against human liver carcinoma cells (HepG2) while A. hamulosa (AHEE) showed maximum cytotoxic property against breast cancer cell lines (MCF-7). A. tortilis (ATEE) exhibited highest anticancer property against Kidney carcinoma cells (HEK-293) while A. salicina (ASEE) and A. hamulosa (AHEE) were found to be ineffective against HEK-293 cells. Among all the four species of Acacia, A. laeta and A. tortilis were found effective against all the cancer lines.
Antimicrobial activity of ethanol extracts of Acacia species
All the extracts (ASEE, ALEE, AHEE, ATEE) exhibited excellent antimicrobial activity with zone of inhibition ranged from 14 to 20 mm against S. aureus, E. coli, P. aeruginosa and C. albicans (Table 2 ). The minimum inhibitory concentration (MIC) values of ASEE, ALEE, AHEE, and ATEE were found to be in the range of 0.2 to 3.2 mg mL À1 (Table 3) . Among all these active extracts, ALEE showed relatively high potency with MIC values ranged from 0.2 to 1.6 mg mL À1 against all the microbial strains. The MIC of crude extracts of individual plants varies against different test strains.
The relationship between zone of inhibition and MIC value may or may not be related. Since the crude extracts have mixture of phytoconstituents, which may influence the diffusion power of the active constituents. Several workers have made similar observations by using extracts from 15 higher plants used in Indian traditional medicine (Ahmad and Aqil, 2007) . These differences could also be due to the differences in the chemical composition of these extracts as the secondary metabolites of plants have many effects including antibacterial and anticandidal properties. All the extracts (ASEE, ALEE, AHEE, ATEE) were further assayed for their biofilm inhibitory property against the P. aeruginosa PAO1 strain. All extracts exhibited statistically significant reduction in biofilm as compared to the untreated control (Fig. 1) . Similar reduction in biofilm of PAO1 has previously been described with the extracts of edible plants and fruits, Capparis spinosa and T. foenumgraceum (Musthafa et al. 2010; Abraham et al. 2012; Husain et al. 2015) .
Identification of rutin, A biflavonoid in Acacia species extract
The developed UPLC-PDA method was found to furnish a sharp and intense peak of rutin at R t = 4.172 (Fig. 2) with high resolution . Also, a good separation of different phytoconstituents present in the ethanol extract (ALEE, AHEE and ATEE) using the same mobile phase was achieved. The dried extract of A. laeta (ALEE), A. hamulosa (AHEE) and A. tortilis (ATEE) was found to contain 2.135, 1.797 and 0.446%, w/w of rutin (Table 4 ). The recovery % of rutin was found to be ranged from 98.61-99.20 (Table 5 ). Rutin has a high therapeutic value as it helps to relieve the symptoms of diseases like lymphatic and venous insufficiency, hemorrhagic diseases, and hypertension. Rutin was found to induce apoptosis in LNCaP cells (Prostate cells) at low concentration and in HepG2 cells (human hepatoma) at very high concentration by acting as pro-oxidant instead of an antioxidant which resulted in programmed cell death. It inhibited the tumor cell growth by blocking cells amelioration through G0-G1 transition which is medicated by down regulation of cyclin D1 and E. Rutin also found to exhibit excellent antibacterial property against E. coli strain (incorporated with envA1 allele) by inhibiting the action of enzyme type II topoisomerase as well as its selective ) [Conditions: Eclipse XDB 80Å C18 column (4.6 Â 100 mm, 3.5 mm); mobile phase, acetonitrile: water (gradient system); flow rate, 0.18 mL min
À1
; UV-detection of rutin at 332 nm at temperature (25 ± 1°C)]. promotion of E. coli topoisomerase IV-dependent DNA cleavage which is very essential for the survival of the cell. The enzyme inhibition by rutin took place due to enzyme interaction with various parts of rutin such as carbohydrate, phenyl ring, phenol and benzopyrone ring (Cushnie et al., 2006) . The highest zone of inhibition and low MIC value of ALEE containing highest amount of rutin in comparison to other Acacia species supported the role of rutin as a potential antimicrobial agent. High rutin content of A. laeta (ALEE) and A. hamulosa (AHEE) also supported its strong cytotoxic activity.
Conclusion
The results obtained from the present experiment are very exciting, taking into consideration the pharmacological importance of the studied microbial strains and cancer cell lines. The observed results justify the screening of different species of genus Acacia traditionally used in folk medicine to treat several ailments like infections and cancer. These data provides evidence that the aerial parts of A. laeta and A. hamulosa possess moderate cytotoxicity against breast, kidney and liver cancer cells while A. salicina extract was inactive against all the cell lines. A. tortilis extract was found to exhibit mild cytotoxic property. The extracts of all tested Acacia species showed excellent antimicrobial activity against the tested microbial and fungal strains and found as a potential cure for the infection. The high content of rutin in A. laeta ethanol extract (ALEE; as reported by the UPLC method) supported its high cytotoxic property as well as excellent antimicrobial property [comparatively maximum zone of inhibition (21 mm) and minimum IC 50 value (0.2 mg mL À1 )]. Since, Acacia species (A. laeta and A. hamulosa) contains numerous phytoconstituents which might prove to be highly cytotoxic and antimicrobial agents, we suggest that these species can be further subjected to the isolation of more cytotoxic and antimicrobial compounds. 
